Though 1-alkanols are well known to have anesthetic properties, the mode of operation remains enigmatic. We perform extensive atomistic molecular dynamics simulation to study the partitioning of 1-alkanols of different chain-lengths in 'raft-like' model membrane made up of mixture of unsaturated dioleoyl-phosphatidylcholine (DOPC) and saturated dipalmitoyl-phosphatidylcholine (DPPC) and cholesterol (Chol) exhibiting phase coexistence of liquid-ordered (l o ) -liquid disordered (l d ) phase domains. Our simulation shows that the effect of 1-alkanols on the mechanical properties of the membrane has been pronounced with the chain-length of it. In particular, the 1-alkanols prefer to partition in the l d phase domain. The penetration of the 1-alkanols in the membrane increases significantly for the long-chain alkanol. We also have found the dependency of the order of chains of the lipids and rigidity of the membrane on the 1-alkanols.
I. INTRODUCTION
The phenomena of general anesthesia [1] is known from a long time and the use of anesthetics in the hospitals are very common for all painless surgical operation. However, the molecular level of understanding in the mechanism of the general anesthesia is not yet understood. It is still debatable whether the general anesthesia is caused by the binding of anesthetics to specific proteins [2, 3] and block the protein function by changing conformation or it is an indirect lipid-mediated mechanism [4] [5] [6] while the anesthetics alter the membrane properties such as total volume of the membrane, the volume occupied by the anesthetics within the membrane, the phase transition temperature, the lipid chain order, membrane thickness or the lateral pressure profile of the membrane.
Apart from anesthesia, the alkanol has been well known as a penetration enhancer for transdermal drug delivery. However, the understanding of the mechanism of the action of penetration enhancer remains opaque. It is interesting to know that 1-alkanol as anesthetics or as penetration enhancer exhibits 'cutoff-effect'. The potency of 1-alkanols as anesthetics is increased up to a certain cutoff chain length (dodecanol) [7] and 1-alkanols with a chain length above cutoff length show no anesthetic potency [7] . Similarly, the penetration enhancement property of 1-alkanols increase with increasing the chain length up to decanol and decrease again for 1-alkanol with longer than cut-off chain length.
The potency of 1-alkanols as anesthetics and as penetration enhancer both is decreased with the branching of the carbon chains.
The several experimental studies have been conducted to explore the effect of the anesthetics in the property of the lipid-membrane such as NMR spectroscopic studies that show ethanol molecules having disordering effect on the lipids [8] [9] [10] [11] [12] [13] ; X-Ray studies that reveals ethanol having potential to change in the lipid membrane above its main phase transition temperature [14] [15] [16] . Few molecular dynamics studies also have been performed to study the influence of the anesthetics in the lipid membrane [11, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] .
In the present work, we investigate the effects of 1-alkanols: ethanol, pentanol, and octanol on the symmetric 'raft-like model membrane', comprising DOPC, DPPC and Chol, which exhibits phase coexistence of l o -l d domains. 'Membraneraft' exhibiting lipid-based compositional heterogeneity has been thought to facilitate several physiological activities like protein sorting, signaling processes [28] [29] [30] [31] [32] [33] [34] [35] [36] . Thus it is important to study the effect of 1-alkanols into the model raft-like membrane.
The article is arranged as follows: we first discuss the details of the atomistic molecular dynamics simulations of the multicomponent bilayer membrane. Next, we present our main results of the spatial heterogeneity of the components, effects of 1-alkanols on the thickness, penetration, partitioning, order parameter and bending rigidity of the membrane. We end by summarizing our findings.
II. METHODS
Model membrane : We have studied symmetric 3-component bilayer membrane embedded in an aqueous medium by atomistic molecular dynamics simulations (MD) using GROMACS-5.1 [37] . We prepare the bilayer membrane at 23
• C at the relative concentration, 33 
III. RESULTS AND DISCUSSION
To confirm that we attend thermally and chemically equilibrated bilayer membrane, we calculate the time evolution of the total energy of the system and area per lipid and when the values attend its asymptotic behavior with a very small fluctuation, we can be satisfied as we obtain equilibrated bilayer membrane [40, 50] .
We start our simulation from the initial con- Chol is also accumulated in DPPC-rich domains.
Again, we find that ethanol, pentanol and octanol are partitioning in the DOPC-rich domains shown in Fig. 4 .
In Fig. 5 , the joint probability distribution (JPD) shows that a distinct peak along the diagonal for the JPD of DOPC to all three 1-alkanols, while there is no diagonal peak in JPD for any 1-alkanols to the DPPC-rich domain.
To extend our the investigation on the spatial partitioning of the anesthetics, we define the 'correlation coefficient' from the normalized cross-correlation between the 1-alkanols solutes to the DOPC/DPPC-rich domain [31, 50] as
averaged over space (denoted by C uu ), while ρ DOP C/DP P C (r) and ρ 1−alkanol (r) are the spatial number densities of the DOPC/DPPC and 1-alkanol, respectively with the same positional coordinate r(x, y).
We compute C uu for DOPC to ethanol, pentanol, and octanol and PSM to ethanol, pentanol, and octanol, respectively bilayer membranes shown in Figure 6 where θ is the an-
The spatial number density of each component in the membrane with ethanol (ETH), pentanol (PCT) and octanol (OCT) are shown in (A), (B) and (C), respectively [40, 50] .
gle between the carbon atom -hydrogen (deuterium) atom and the bilayer normal shown in Fig. 8 (a) and (b) . Here, we find two important things: one is that the value of the |S| for DPPC is more than that of DOPC, which suggests that DPPC-rich domain is more ordered [40] .
where, S(q) ≡ 
However, the Eqn.2 tells us that the nonzero surface tension γ affects the fluctuation spectra
). the bending rigidity of the membrane without and with ethanol, pentanol, and octanol, respectively using equation 3 and are tabulated in Table-I .
IV. CONCLUSION
We present the effect of 1-alkanols with different chain-length in the symmetric 'raft membrane' comprising DOPC, DPPC and Chol using atomistic molecular dynamics simulation.
Here, we explore the consequence S1
